Numerous studies have suggested a substantial genetic contribution in the etiology of the primary form of restless legs syndrome (RLS) and periodic leg movements (PLM). We describe the symptoms, the sleep profiles and physiological parameters of two families in which several members present RLS/PLM. The proband of family 1 is a 70-year-old woman and the proband of family 2 is a 57-year-old woman; both have exhibited the symptoms since the age of 20 years. All patients in both families were diagnosed with RLS according to the criteria of the International RLS Study Group. Polysomnographic recordings were performed to quantify and to describe PLM during sleep. Sleep parameters showed decreased sleep efficiency, increased sleep latency in the arousal index and the presence of PLM in all subjects. One of the families showed an exact profile of dominant inheritance with anticipation of age at onset. In the other family, the founders were blood relatives and there was no affected member in the third generation suggesting a recessive mode of inheritance. RLS/PLM is a prevalent sleep disorder affecting about 5 to 15% of the population and one that substantially impairs healthy sleep patterns. Efforts to understand the underlying pathophysiology will contribute to improve the sleep and life quality of these patients.
Introduction
Restless legs syndrome (RLS) is a common disorder affecting 2 to 5% of the general population. The four cardinal diagnostic features of RLS include: 1) an urge to move the limbs that is usually associated with paresthesias or dysesthesias, 2) symptoms that start or become worse with rest, 3) at least partial relief of symptoms with physical activity, and 4) worsening of symptoms in the evening or at night (1) .
In 85% of patients, RLS is associated with periodic leg movements (PLM) during sleep, which occur mostly during stage II sleep. PLM occur every 20-40 s, and sleep disruption results in daytime fatigue. The pathophysiology of the syndrome has not been elucidated fully but may involve dopaminergic dysfunction and abnormalities in metabolism of iron within the brain (2) .
Numerous studies have suggested a substantial genetic contribution to the etiology of the primary form of RLS. Familial aggregation has been reported since its original clinical description, and up to 40% of sporadic cases show a positive family history (3) .
RLS usually begins in the second decade of life and often follows an intermittent, fluctuating course. At the onset of the disorder, the diagnosis is sometimes not obvious because symptoms are generally mild, and symptom-free periods can occur. Treatment is usually initiated in the fifth decade of life, although some patients with familial RLS seek treatment early in their youth. The genetic basis of RLS is still unknown, and there is no specific Familial restless legs syndrome www.bjournal.com.br test to diagnose RLS or to specify and limit the clinical picture (4) . A genetic marker on chromosome 6p21.2 that is associated with susceptibility to PLM during sleep has been reported recently (5) .
Several studies have investigated the occurrence of familial RLS in different patient populations (6) . However, only a limited number of studies have focused on relatives through personal interviews of the index cases to verify the diagnosis and occurrence of familial cases.
We herein describe the symptoms and sleep and physiological parameters of two Brazilian families in which several members present RLS.
Subjects and Methods

Casuistic
We 
Diagnosis
The primary analyses were based on identification of subjects, probands and family members, and self-reports of RLS and PLM. Subsequently, all patients truly diagnosed with RLS according to the criteria of the International RLS Study Group were examined using a standard questionnaire that included demographic data, family history, clinical symptoms, subjective sleep disturbances, and course of the disorder.
Nocturnal polysomnographic recordings were performed to quantify and describe PLM during sleep in both probands and in some members of each proband's family. Clinical chemistry analysis included measurement of blood iron, ferritin, and transferrin concentrations.
Examinations
Polysomnography. The polysomnographic exam was performed in accordance with the standardized rules for sleep stages of Rechtschaffen and Kales (7) and the rules for placing electrodes of Jasper (8) . Data were acquired from four electroencephalograms, two electrooculograms, and three electromyogram channels (one submandibular and two for the legs). Electrodes for PLM analysis were placed on the surface of the tibialis anterior muscle of both legs.
Polysomnographic measures of sleep continuity and sleep architecture included: total sleep time, sleep onset latency, wake after sleep onset, and sleep efficiency. Sleep architecture measures were: 1) percentages of stages 1, 2, 3, and 4, and rapid eye movement sleep. The PLM definition criterion was as indicated by the American Sleep Disorders Academy (1). Only PLM that occurred during non-rapid eye movement sleep was recorded.
Clinical chemistry tests
Iron, ferritin, and transferrin concentrations. The blood samples were collected into dry tubes (Vacutainer), from the forearm by vein puncture. The tubes were subsequently centrifuged (3400 rpm/10 min) at ambient temperature (22ºC) to serum separation. Iron concentration was measured using the VITROS Fe slide method (VITROS 750, Johnson & Johnson, Rochester, USA) and the VITROS Chemistry Products Calibrator 4 Kit (VITROS Chemical Systems, Rochester, USA). Ferritin concentration was Figure 1 . Figure 1 . Figure 1 . Figure 1 . www.bjournal.com.br measured using an immunoassay-type two-stage sandwich method using direct chemiluminometric detection technology and constant amounts of two anti-ferritin antibodies (Advia Centaur, Bayer, Tarrytown, USA). Transferrin concentration was measured by an antigen-antibody reaction through endpoint methods (Advia 1650, Bayer).
Results
Sleep parameters showed decreased sleep efficiency and increased sleep latency, arousal index, and the presence of PLM in all subjects evaluated in the sleep laboratory. We observed no other sleep disorders except for patient 4 (family 1), who presented a mild apnea. The family 2 proband had a sleep efficiency of only 5.5% (13 min) and no REM sleep at all, and her PLM index was very high ( Table 1 ). The concentrations of iron, ferritin, and transferrin are shown in Table 2 . Only one subject (subject 5) from family 1 had abnormal iron and ferritin concentrations. RT = recording time; TST = total sleep time; SE = sleep efficiency; SL = sleep latency; WASO = wake arousal sleep onset; AI = arousal index; S1, S2, S3/S4 = sleep stages 1 to 4; REM = rapid eye movement sleep; PLM = periodic leg movements. # Family 1; *family 2.
Discussion
Herein, we report for the first time on the RLS/PLM pedigrees in Brazil. Clinical and polysomnographic evaluations in the probands and in some of the affected family members were performed to confirm the presence of the disorder.
The polysomnographic recordings show increased sleep onset latency, caused by a crawling sensation in the legs (RLS), and increased arousal and poor sleep efficiency, caused by leg movements during the night, compared with normal values described by Carskadon and Dement (9) .
One possible cause of RLS is abnormalities in the metabolism of iron (2) . The concentrations of iron, ferritin, and transferrin were normal in these subjects except for one subject in family 1, who had low concentrations of iron and ferritin. Thus, it is unlikely that abnormalities in iron metabolism contributed to the disorder in these families.
The phenotype of RLS, including the symptoms and clinical signs, is similar in hereditary and nonhereditary cases. It is difficult to differentiate genetic and sporadic cases. The main difference between these two forms of the disorder is the early onset and frequent worsening of the symptoms during pregnancy in the genetic cases (10) .
Investigations of single families with RLS have suggested that an autosomal dominant mode of inheritance is associated with early onset of the disorder (11, 12) . Walters et al. (3) subdivided 105 patients according to the age at onset (≤20 years and ≥20 years). In the younger group, 81% reported a positive family history, whereas in the older group, only 58% were aware of affected family members.
Allen and Early (13) compared the effects of current age and serum ferritin concentration on RLS severity in individuals with early-and late-onset RLS. They assigned patients according to age at onset (≤45 years and >45 Familial restless legs syndrome www.bjournal.com.br years). They found an age effect in the early-onset form of RLS, which worsened gradually with age and had a limited nonsignificant relationship with serum iron concentration. In contrast, late-onset RLS occurred less commonly in families, worsened rapidly with age, and had a stronger significant relationship with iron status. These results suggest that the RLS phenotype may depend on age at onset of symptoms (13) .
In our study, family 2 had the exact profile of dominant inheritance with anticipation of age at onset, as described elsewhere (12) . Although it is a small pedigree, we observed RLS symptoms in each generation with anticipatory onset from the proband, who informed us that her symptoms had begun at around the age of 20 years, whereas the symptoms had started at age 5 years or younger in her grandchildren.
The pattern of inheritance seemed to be different in family 1 because there was no onset anticipation from generation to generation. The proband was married to her cousin, and we observed no anticipatory onset in the following generations or even symptoms in the third generation, which strengthens the argument of the recessive mode of inheritance. The lack of symptoms in the third generation may be explained either by a recessive mode of inheritance or their young age (under 20 years) because family members with the disorder reported symptom onset at more than 20 years of age. Whether the third generation will present RLS/PLM remains to be verified.
Genetic linkage studies have localized five different loci on chromosomes 12q, 14q, 9p, 2q, and 20p (6, (14) (15) (16) (17) , and a recent study localized a marker on chromosome 6p21.2 (5). The discovery of RLS genes may have a significant therapeutic impact by helping us understand the molecular mechanisms related to the different endophenotypes of RLS, which may lead to new treatments.
